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RED - EMITTING NITRIDE - BASED The use of modifying cations in nitride phosphors of 
CALCIUM - STABILIZED PHOSPHORS Sr - containing a - SiAION has been discussed by K . Shioi et 

al . in “ Synthesis , crystal structure , and photoluminescence 
CROSS - REFERENCE TO RELATED of Sr - c - SIAION : Eu2 + , ” J . Am . Ceram Soc . , 93 [ 2 ] 465 - 469 

APPLICATIONS 5 ( 2010 ) . Shioi et al . give the formula for the overall compo 
sition of this class of phosphors : Mm / „ Si12 - m - ̂ Alm + nOn 

This application is a continuation of U . S . patent applica - N16 - : Eu2 + , where Mis a “ modifying cation ” such as Li , Mg , 
tion Ser . No . 14 / 095 , 766 filed Dec . 3 , 2013 ( now U . S . Pat . Ca , Y , and rare earths ( excluding La , Ce , Pr , and Eu ) , and v 
No . 9 , 260 , 659 ) , which is a continuation of U . S . patent is the valence of the M cation . As taught by Shioi et al . , the 
application Ser . No . 13 / 922 , 231 filed Jun . 19 , 2013 ( now 10 crystal structure of an a - SiAION is derived from the com 
U . S . Pat . No . 8 , 597 , 545 ) , which is a continuation - in - part of pound a - SizN4 . To generate an a - SiAION from a - SizN4 , a 
U . S . patent application Ser . No . 13 / 871 , 961 filed Apr . 26 , partial replacement of Si + + ions by A13 + ions takes place , and 
2013 ( now U . S . Pat . No . 8 , 663 , 502 ) , and claims the benefit to compensate for the charge imbalance created by A13 + 
of U . S . Provisional Patent Application Ser . No . 61 / 673 , 191 16 substituting for Si4 + , some O substitutes N and some posi 
filed Jul . 18 , 2012 . The disclosures of the aforementioned tive charges are added by trapping the M cations into the 
applications are all incorporated by reference in their interstices within the network of ( Si , Al ) ( 0 , N ) 4 tetrahedra . 
entirety herein . Europium doped alkaline earth metal silicon nitride phos 

phor with the general formula M SizNz : Eu , where M is Ca , 
FIELD OF THE INVENTION 20 Sr , or Ba , have been widely studied , see for example the PhD 

thesis by JWH van Krevel at the Technical University 
Embodiments of the present invention are directed to Eindhoven , January 2000 , and H . A . Hoppe , et al . , J . Phys . 

red - emitting nitride - based phosphor compositions . Chem . Solids . 2000 , 61 : 2001 - 2006 . In this family of phos 
phors , pure Sr , Si N : Eu has high quantum efficiency and 

BACKGROUND OF THE INVENTION 25 emits at a peak wavelength of about 620 nm . However , this 
red nitride phosphor has poor stability when used as a 

Many of the red - emitting phosphors are derived from coating on an LED operated at a temperature in the range 
silicon nitride ( SizN4 ) . The structure of silicon nitride com from 60° C . to 120° C . and an ambient relative humidity in 
prises layers of Si and N bonded in a framework of slightly and N bonded in a framework of slightly the range from 40 % to 90 % . 
distorted SiN , tetrahedra . The SiN4 tetrahedra are joined by 30 Various research groups have experimented with oxygen 
a sharing of nitrogen corners such that each nitrogen is containing M , Si N , based phosphor materials , which may 
common to three tetrahedra . See , for example , S . Hampshire also contain other metals . For example , see U . S . Pat . Nos . 
in “ Silicon nitride ceramics — review of structure , process 7 , 671 , 529 and 6 , 956 , 247 , and U . S . published applications 
ing , and properties , ” Journal of Achievements in Materials 2010 / 0288972 , 2008 / 0081011 , and 2008 / 0001126 . How 
and Manufacturing Engineering , Volume 24 , Issue 1 , Sep - 35 ever , these oxygen containing phosphor materials are known 
tember ( 2007 ) , pp . 43 - 50 . Compositions of red - emitting to exhibit poor stability under the combined conditions of 
phosphors based on silicon nitride often involve substitution high temperature and high relative humidity ( RH ) — for 
of the Si at the center of the SiN4 tetrahedra by elements example 85° C . and 85 % RH . 
such as Al ; this is done primarily to modify the optical The forms of charge compensation reported in the art are 
properties of the phosphors , such as the intensity of the 40 not believed to render the phosphor more impervious to 
emission , and the peak emission wavelength . thermal / humidity aging , nor do they appear to accomplish 

There is a consequence of the aluminum substitution , the beneficial result of increasing the peak emission wave 
however , which is that since Si4 + is being replaced by Al * , length with little or substantially no alteration of photoemis 
the substituted compound develops a missing positive sion intensity . 
charge . There are essentially two ways commonly employed 45 There is a need for silicon nitride - based phosphors and 
to achieve charge balance : in one scheme , an Al3 + for Si + + M , Si N - based phosphors with peak emission wavelengths 
substitution is accompanied by a substitution of O2 - for N3 - , over a wider range in the red and also other colors , and with 
such that the missing positive charge is counter - balanced enhanced physical properties of the phosphor , such as tem 
with a missing negative charge . This leads to a network of 
tetrahedra that have either Al * * or Si * * as the cations at the 50 
centers of the tetrahedra , and a structure whereby either an SUMMARY OF THE INVENTION 
02 - or an N3 - anion is at the corners of the tetrahedra . Since 
it is not known precisely which tetrahedra have which Embodiments of the present invention may provide { Mg , 
substitutions , the nomenclature used to describe this situa - Ca , Sr , Ba , Y , Li , Na , K , and / or Zn } - stabilized , particularly 
tion is ( A1 , Si ) 2 - ( N , O4 . Clearly , for charge balance there is 55 Ca - stabilized , nitride - based phosphors with chemical com 
one O for N substitution for each Al for Si substitution . position based on M SizN , with and without column IIIB 

Furthermore , these substitutional mechanisms for charge elements , particularly Al , substituting for Si . The stabilizing 
balance for N - may be employed in conjunction with cations may be ( 1 ) incorporated into the phosphor crystal 
an interstitial insertion of a cation . In other words , the structure for charge balance for column IIIB element sub 
modifying cation is inserted between atoms preexisting on 60 stitution , when used to substitute for Si , and ( 2 ) incorporated 
crystal lattice sites , into “ naturally occurring ” holes , inter into the phosphor in excess of any need for charge balancing 
stices , or channels . This mechanism does not require an the substitution of Si by a column IIIB element . These 
altering of the anionic structure ( in other words , a substitu phosphor materials may be configured to extend the peak 
tion of O for N ) , but this is not to say that an O for N emission wavelength to longer wavelengths in the red , and 
substitution may not simultaneously occur . Substitutional 65 to enhance physical properties of the phosphor — notably , 
mechanisms for charge balance may occur in conjunction significant improvement of the temperature and humidity 
with an interstitial insertion of a modifier cation . stability . 

their 

erature 
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Some embodiments of the present invention are directed about 200 nm to about 550 nm . A common blue excitation 

to a red - emitting phosphor which may comprise a nitride source is an InGaN LED , or GaN LED , emitting with a peak 
based composition represented by the chemical formula at about 465 nm . 
M M ' , Sis „ A1 , NE : A , wherein : M is at least one of Mg , Ca , Embodiments of the present invention also include white 
Sr , Ba , Y , Li , Na , K and Zn , where v is the valence of M , and 5 light emitting device comprising a solid state excitation 
x > 0 ; M ' is at least one of Mg , Ca , Sr , Ba , and Zn ; y satisfies source and any of the red - emitting phosphors described 
Osys1 . 0 ; and activator A is at least one of Eu , Ce , Tb , Pr , Sin herein . It may also include a yellow - emitting phosphor 
and Mn , wherein x > y / v . Furthermore , the red - emitting phos and / or a green - emitting phosphor with a peak emission 
phor may have the general crystalline structure of M ' 2Si Ng : wavelength in the range from about 500 nm to about 580 nm . 
A . Yet furthermore , Al may substitute for Si within the 10 An exemplary red - emitting phosphor according to embodi 
general crystalline structure and M may be located within ments of the present invention 
the general crystalline structure substantially at interstitial Eu , osCa , Sr , 9 Sia Alo N . 
sites . Furthermore , the red - emitting phosphor may comprise 
at least one of F , C1 , Br and O . Yet furthermore , M may be BRIEF DESCRIPTION OF THE DRAWINGS 
Ca , y = 0 and 0 . 1sx < 0 . 4 . Furthermore , M may be Ca , 15 
0 . 1 sys0 . 15 and 0 . 1sx50 . 4 . These and other aspects and features of the present 
Some embodiments of the present invention are directed invention will become apparent to those ordinarily skilled in 

to a red - emitting phosphor which may comprise a nitride the art upon review of the following description of specific 
based composition represented by the chemical formula embodiments of the invention in conjunction with the 
M Sr Si Al , N , Eu , wherein : Mis at least one of Mg , Ca , Sr , 20 accompanying figures , wherein : 
Ba , Y , Li , Na , K and Zn , and ( < a < 1 . 0 ; 1 . 5 < b < 2 . 5 ; FIG . 1 shows emission spectra of the red - emitting nitride 
4 . Oscs5 . 0 ; Osds1 . 0 ; 7 . 5 < e < 8 . 5 ; and ( < f < 0 . 1 ; wherein a + b + based calcium - stabilized phosphors Samples 2 through 5 , 
f > 2 + d / v and v is the valence of M . Furthermore , the red according to some embodiments of the present invention , 
emitting phosphor may comprise at least one of F , C1 , Brand and Sample 1 is a prior art red - emitting nitride - based 2 - 5 - 8 
O . Yet furthermore , M may be Ca , d = 0 and 0 . 1sas0 . 4 . 25 phosphor shown for comparison ; 
Furthermore , M may be Ca , 0 . 1sds0 . 15 and 0 . 1sas0 . 4 . FIG . 2 shows emission spectra of the red - emitting nitride 

The addition of interstitial Ca to an aluminum substituted based calcium - stabilized phosphors Samples 6 through 8 , 
M ' SizN , red - emitting phosphor , beyond any need for according to some embodiments of the present invention , 
charge balancing for the substitution of Si by Al , has the and Sample 1 is shown for comparison ; 
unexpected benefit that the stability of the phosphor is 30 FIG . 3 shows emission spectra of the red - emitting nitride 
enhanced under conditions of aging at elevated temperature based calcium - stabilized phosphors Samples 9 through 12 , 
and humidity . In some embodiments , the phosphor may be according to some embodiments of the present invention ; 
compositionally configured such that after 800 hours of FIG . 4 shows emission spectra of the red - emitting nitride 
aging at 85° C . and 85 % relative humidity the drop in based calcium - stabilized phosphors Samples 13 through 15 , 
photoluminescent intensity is no greater than about 15 % , in 35 according to some embodiments of the present invention ; 
embodiments no greater than about 10 % , and the deviation FIGS . 5A - 5D show trends with phosphor calcium content 
in chromaticity coordinates CIE AX and CIE Ay is less than of the peak emission wavelength , peak photoluminescence 
or equal to about 0 . 015 for each coordinate , in embodiments intensity ( PL ) and CIE x and y chromaticity coordinates , for 
less than or equal to about 0 . 010 for each coordinate , and in red - emitting nitride - based calcium - stabilized phosphors 
further embodiments less than or equal to about 0 . 005 for 40 Samples 2 through 5 ( no aluminum ) and 9 through 12 
each coordinate . ( aluminum containing ) , according to some embodiments of 

Furthermore , the addition of Ca to a M ' , Si N , red - emit - the present invention ; 
ting phosphor has the unexpected benefit that the stability of FIGS . 6A - 6D show trends with phosphor calcium content 
the phosphor is enhanced under conditions of aging at of the peak emission wavelength , peak photoluminescence 
elevated temperature and humidity . In some embodiments , 45 intensity ( PL ) and CIE x and y chromaticity coordinates , for 
the phosphor may be compositionally configured such that red - emitting nitride - based calcium - stabilized phosphors 
after 500 hours of aging at 85° C . and 85 % humidity the drop Samples 2 through 4 ( additional calcium ) and 6 through 8 
in photoluminescent intensity is no greater than about 50 % , ( substitutional calcium ) , according to some embodiments of 
in embodiments no greater than about 35 % , and the devia the present invention ; 
tion in chromaticity coordinates CIE AX and CIE Ay is less 50 FIGS . 7A - 7C show the results of reliability testing under 
than or equal to about 0 . 065 for each coordinate , and in the conditions of 85° C . and 85 % relative humidity of the 
embodiments less than or equal to about 0 . 045 for each red - emitting nitride - based calcium - stabilized phosphors 
coordinate . Samples 2 through 4 , where FIG . 7A is the change in 

According to the present embodiments , the phosphor , photoluminescent intensity ( brightness ) with time , FIG . 7B 
under blue excitation , may be configured to emit light 55 is the change in CIE x chromaticity coordinate with time , 
having a peak emission wavelength greater than about 620 and FIG . 7C is the change in CIE y chromaticity coordinate 
nm , in embodiments greater than 623 nm , and in further with time , according to some embodiments of the present 
embodiments greater than about 626 nm , where blue may be invention ; 
defined as light having a wavelength ranging from about 420 FIGS . 8A - 8C show the results of reliability testing under 
nm to about 470 nm . The present phosphors may also be 60 the conditions of 85° C . and 85 % relative humidity of the 
excited by radiation having shorter wavelengths ; e . g . , from red - emitting nitride - based calcium - stabilized phosphors 
about 200 nm to about 420 nm , but when the excitation Samples 3 ( additional calcium ) and 7 ( substitutional cal 
radiation is in the X - ray or UV , a separate blue - emitting cium ) , where FIG . 8A is the change in photoluminescent 
phosphor is provided to contribute a blue component to the intensity ( brightness ) with time , FIG . 8B is the change in 
desired white light for a white light source . Furthermore , the 65 CIE x chromaticity coordinate with time , and FIG . 8C is the 
present phosphors may also be excited by radiation having change in CIE y chromaticity coordinate with time , accord 
longer wavelengths , wherein the wavelength ranges from ing to some embodiments of the present invention , and 
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reliability data for prior art red - emitting nitride - based 2 - 5 - 8 Notably , the figures and examples below are not meant to 
phosphor Sample 1 is shown for comparison ; limit the scope of the present invention to a single embodi 

FIGS . 9A - 9C show the results of reliability testing under ment , but other embodiments are possible by way of inter 
the conditions of 85° C . and 85 % relative humidity of the change of some or all of the described or illustrated ele 
red - emitting nitride - based calcium - stabilized phosphors 5 ments . Moreover , where certain elements of the present 
Samples 3 ( no aluminum ) and 10 ( aluminum containing ) , invention can be partially or fully implemented using known 
where FIG . 9A is the change in photoluminescent intensity components , only those portions of such known components 
( brightness ) with time , FIG . 9B is the change in CIE x that are necessary for an understanding of the present 
chromaticity coordinate with time , and FIG . 9C is the invention will be described , and detailed descriptions of 
change in CIE y chromaticity coordinate with time , accord - 10 other portions of such known components will be omitted so 
ing to some embodiments of the present invention , and as not to obscure the invention . In the present specification , 
reliability data for prior art red - emitting nitride - based 2 - 5 - 8 an embodiment showing a singular component should not be 
phosphor Sample 1 is shown for comparison ; considered limiting ; rather , the invention is intended to 

FIGS . 10A - 10C show the results of reliability testing encompass other embodiments including a plurality of the 
under the conditions of 85° C . and 85 % relative humidity of 15 same component , and vice - versa , unless explicitly stated 
the red - emitting nitride - based calcium - stabilized phosphors otherwise herein . Moreover , applicants do not intend for any 
Samples 13 through 15 , where FIG . 10A is the change in term in the specification or claims to be ascribed an uncom 
photoluminescent intensity ( brightness ) with time , FIG . 10B mon or special meaning unless explicitly set forth as such . 
is the change in CIE x chromaticity coordinate with time , Further , the present invention encompasses present and 
and FIG . 10C is the change in CIE y chromaticity coordinate 20 future known equivalents to the known components referred 
with time , according to some embodiments of the present to herein by way of illustration . 
invention ; Some embodiments of the present invention are directed 

FIG . 11 shows X - ray diffraction ( XRD ) patterns of the to a red - emitting phosphor which may comprise a nitride 
red - emitting nitride - based calcium - stabilized phosphor based composition represented by the chemical formula 
Samples 2 through 5 , according to some embodiments of the 25 MM ' 2Sis - „ A1 , Ng : A , wherein : M is at least one of Mg , Ca , 
present invention , the XRD pattern for Sample 1 is shown Sr , Ba , Y , Li , Na , K and Zn , and x > 0 ; M ' is at least one of 
for comparison ; Mg , Ca , Sr , Ba , Y , Li and Zn ; Osys1 . 0 ; and A is at least one 

FIG . 12 shows X - ray diffraction patterns of the red - of Eu , Ce , Tb , Pr , Sin and Mn ; wherein x > y / v and v is the 
emitting nitride - based calcium - stabilized phosphor Samples valence of M — the latter reflecting the presence of an excess 
6 through 8 , according to some embodiments of the present 30 of M for stabilization of the phosphor and a larger amount 
invention , the XRD pattern for Sample 1 is shown for of M than needed for charge balance of any Al substituting 
comparison ; for Si . Furthermore , the red - emitting phosphor may com 

FIG . 13 shows X - ray diffraction patterns of the red - prise at least one of F , C1 , Br and O . Yet furthermore , the 
emitting nitride - based calcium - stabilized phosphors red - emitting phosphor may have the general crystalline 
Samples 9 through 12 , according to some embodiments of 35 structure of M ' SizNz : A ; although embodiments of the red 
the present invention , the XRD pattern for Sample 1 is emitting phosphor may exist with other crystalline struc 
shown for comparison ; tures . Furthermore , Al may substitute for Si within the 

FIG . 14 shows X - ray diffraction patterns of the red - general crystalline structure and M may be located within 
emitting nitride - based calcium - stabilized phosphors the general crystalline structure substantially at interstitial 
Samples 13 through 15 , according to some embodiments of 40 sites . 
the present invention , the XRD pattern for Sample 1 is According to some further embodiments of the present 
shown for comparison ; invention , nitride - based calcium - stabilized phosphors may 
FIGS . 15 - 17 show SEM micrographs of red - emitting have a composition given by the formula Ca , Sr Sis - A1 , N , 

nitride - based calcium - stabilized phosphors Sample 3 ( FIG . where x > 0 and Osysl , wherein the Ca is present in an 
16 ) ( additional calcium ) and Sample 7 ( FIG . 17 ) ( substitu - 45 amount greater than is required to charge balance the sub 
tional calcium ) , according to some embodiments of the stitution of Si by Al , in other words where 2x > y , and wherein 
present invention , and prior art red - emitting nitride - based the phosphors exhibit good stability under heat and humid 
2 - 5 - 8 phosphor Sample 1 ( FIG . 15 ) is shown for compari - ity , as specified herein . 
son ; According to further embodiments of the present inven 

FIG . 18 shows a light emitting device , according to some 50 tion , a red - emitting phosphor may comprise a nitride - based 
embodiments of the present invention ; composition represented by the chemical formula M , Srn 
FIGS . 19A & 19B show a solid - state light emitting Si Al N Eu , wherein : M is at least one of Mg , Ca , Sr , Ba , 

device , according to some embodiments of the present Y Li , Na , K and Zn , and O < a < 1 . 0 ; 1 . 5 < b < 2 . 5 ; 4 . Oscs5 . 0 ; 
invention ; and Osds1 . 0 ; 7 . 5 < e < 8 . 5 ; and ( < f < 0 . 1 ; wherein a + b + f > 2 + d / v 

FIG . 20 shows the emission spectrum from a white LED 55 and v is the valence of M — the latter reflecting the presence 
( 3000K ) comprising a blue InGaN LED , a red phosphor of an excess of M for stabilization of the phosphor and a 
having the composition of Sample 14 , and a yellow / green larger amount of M than needed for charge balance of any 
phosphor , according to some embodiments of the present Al substituting for Si . Furthermore , the red - emitting phos 
invention . phor may comprise at least one of F , C1 , Br and O . Yet 

60 furthermore , M may be Ca , d = 0 and 0 . 1 sas0 . 4 , and in some 
DETAILED DESCRIPTION OF THE embodiments M may be Ca , d = 0 and 0 . 15sas0 . 25 . Further 

INVENTION more , M may be Ca , 0 . 1sds0 . 15 and 0 . 1sas0 . 4 , and in some 
embodiments M may be Ca , 0 . 1sds0 . 15 and 0 . 15 sas0 . 25 . 

Embodiments of the present invention will now be Some embodiments of the present invention are directed 
described in detail with reference to the drawings , which are 65 to a nitride - based phosphor composition represented by the 
provided as illustrative examples of the invention so as to general formula M M ' A5 - D , Eg : A , where M is a modifier 
enable those skilled in the art to practice the invention . cation . Advantages of the modification to the 2 - 5 - 8 phosphor 

Y 
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include an increase in peak emission wavelength towards the equivalent of at least half a cationic valency in each of the 
deep red end of the spectrum , and an enhanced stability in two interstices within the unit cell to stabilize the structure . 
elevated thermal and humidity conditions . Generally , the crystalline structures of the 2 - 5 - 8 nitride 

M is at least one of a 1 + cation , a 2 + cation , and a 3 + based compounds as described herein may have a space 
cation , and M ' is at least one of Mg , Ca , Sr . Ba , and Zn , used 5 group selected from Pmn21 , Cc , derivatives thereof , or 
either individually or in combinations . A is at least one of C , mixtures thereof . In some examples , the space group is 
Si and Ge , used either individually or in combinations . The Pmn2 . Furthermore , it should be noted that in materials 
element D replaces the A component substitutionally , where science theory the vacancy density of a pure crystalline 

material may be on the order of a hundred parts per million D is selected from the group consisting of column IIIB 
elements of the periodic table of elements . ( The labeling of f 10 of the existing lattice sites depending on the thermal equi 

librium conditions of the crystal . As such , a small percentage the columns of the periodic table in this disclosure follow the 
old IUPAC ( International Union of Pure and Applied Chem of the modifier ions , M , may end up in vacant metal ion sites , 

rather than the interstitial sites — the modifier ions filling the istry ) system . See http : / / en . wikipedia . org / wiki / Group _ ( pe vacancies before the interstitial sites . 
riodic table ) , last viewed Jan . 15 , 2013 . ) In one embodi 15 Furthermore , the modifier ions may also be involved in ment , D is at least one of B , Al , and Ga , used either charge balancing to compensate for the presence of anions 
individually or in combinations . E in the general formula of of elements such as F , C1 , Br and O within the phosphor , 
the present phosphor is at least one of a 3 - anion , a 2 - anion , either substituting for N within the M ' Si N , crystal lattice , 
and a 1 - anion . Specifically , E may be at least one of 02 , or filling interstitial positions within the crystal lattice . These 
N3 - , F - , Cl - , Br® , and I ' , used either individually or in 20 anions may either be present in the phosphor material 
combinations . The activator , A , is at least one of Eu , Ce , Tb , intentionally , or as contaminants . Contaminants , such as 
Pr , Sm and Mn . Herein “ A ” represents a phosphor activator oxygen , may be from environmental sources . According to 
and the notation " A " represents doping by a rare earth some embodiments , the phosphor may have halide and / or 
and / or Mn which is generally substitutional , but may also oxygen intentionally introduced in a range from 0 to about 
include doping at grain boundaries , on particle surfaces and 25 6 mole percent . Halide may be added by using one or more 
in interstitial sites within the crystalline structure of the starting materials comprising a halide , for example : EuClz , 
phosphor material . The parameter y is given by Osys1 . 0 and EuFz , EuBrz , NH F , etc . Oxygen may be added by using one 
the value of the parameter x may be defined as being greater or more starting materials comprising an oxide , for example : 
than the value of y divided by the valence of M , such that Eu , Oz , SiO2 , etc . Furthermore , the methods for controllably 
M is present in an amount greater than required for charge 30 incorporating oxygen in to the phosphor material that are 
balance of any substitution of A by D . described in U . S . patent application Ser . No . 13 / 871 , 961 , 

The modifier cation M is added to the phosphor in an incorporated herein by reference in its entirety , may be used 
amount which is greater than is required to charge compen - for incorporation of oxygen into the phosphors of the present 
sate for the substitution of D for A . Specifically , M may be invention . 
at least one of Lil + , Nal + , K1 + , Sc3 + , Mg2 + , Ca2 + , Sr2 + , Ba2 + , 35 Next the disclosure will present phosphors based on the 
Zn2 + , B3 + and Y3 + , used either individually or in combina - present modifier cation - stabilized M M ' _ A5 - D , Eg : A 
tions . M is an extra cation , utilized in addition to the embodiments , giving their advantages and properties , and 
stoichiometric amount of the divalent metal M ' in the how these phosphors differ from the prior art . Specific 
formula M ' Si Ng , and as such , it is expected that this examples will be given , including a phosphor wherein the 
modifier cation might be inserted into the phosphor substan - 40 column IIIB element substituting for Si4 + is A13 + , and 
tially interstitially , although M may occupy other positions wherein the modifying cation is Ca2 + , and other examples in 
within the host lattice . which y = 0 . Accelerated aging results will be discussed 

Interstitial sites are cavities , holes , or channels that exist which show the superior thermal and chemical stability of 
in the crystalline lattice by virtue of the manner in which the the phosphors of the present invention over other prior art 
host ' s constituent atoms are arranged ( packed , or stacked ) . 45 2 - 5 - 8 based phosphors . Finally , SEM micrographs will show 
Dopant atoms that occupy the interstices of a crystal are to the change in morphology of the phosphor crystals as the 
be distinguished from such atoms introduced substitution amount of Ca is increased beyond the amount used to charge 
ally ; in this latter mechanism , the dopant atoms replace host balance the substitution of Si by Al . 
atoms residing on crystal lattice sites . Support for the Discussion of the Present Phosphors Based on Ca Sr , 
proposed interstitial placement of modifier cations within 50 Sis - A1 , Ng : A 
the structure of the phosphor material is found in the Fifteen different phosphor samples were prepared as 
literature for ceramic materials with an a - silicon nitride described in more detail below with reference to Tables 1A , 
crystal structure . For example , see Hampshire et al . “ a ' - 1B , 2A , 2B , 3A , 3B , 4A and 4B . PL spectra , CIE coordi 
Sialon ceramics ” , Nature 274 , 880 ( 1978 ) and Huang et al . nates , XRD and SEM data were collected for samples , as 
“ Formation of a - SizN4 Solid Solutions in the System 55 discussed in more detail below . 
SizN4 - AIN — Y20 ; " J . Amer . Ceram . Soc . 66 ( 6 ) , C - 96 Sample 1 is a well - known 2 - 5 - 8 red - emitting nitride 
( 1983 ) . These articles state that it is known that the A - silicon phosphor used herein as a control ; it has the composition 
nitride unit cell contains two interstitial sites large enough to Sr , o Si N Eu , os . Samples 2 through 5 are based on the 
accommodate other atoms or ions . Furthermore , the a ' - sia - composition of Sample 1 , but with increasing amounts of 
lon structure is derived from the a - silicon nitride structure 60 calcium added as modifier cations ; in these samples the 
by partial replacement of Si with Al , and valency compen modifier cations do not have a charge compensation role to 
sation is effected by cations such as Li , Ca , Mg and play , for Si substitution at least . These samples have a 
Y — occupying the interstices of the ( Si , Al ) — N network , composition represented by the formula 
and also by oxygen replacing nitrogen when an oxide is Ca , Sr , 95Si N Eupos . 
used . ( The a ' - sialon structure is represented by M ( Si , 65 Samples 6 through 8 are based on the composition of 
Al ) - ( 0 , N ) . . , where x is not greater than 2 . ) Yet further Sample 1 , but with calcium substituting for strontium in 
more , it is accepted that the a r - sialon structure requires the increasing amounts ; in these samples the modifier cations do 
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not have a charge compensation role to play . These samples FIGS . 6A - 6D show trends with phosphor calcium content 
have a composition represented by the formula Car of the peak emission wavelength , peak photoluminescence 
Sr1 . 95 - 4SizN , Eu0 . 05 . These Samples are compared with intensity ( PL ) and CIE x and y chromaticity coordinates , for 
Samples 2 through 4 which have the same amount of red - emitting nitride - based calcium - stabilized phosphors 
calcium added , but in Samples 2 through 4 the calcium does 5 Samples 2 through 4 ( additional calcium ) and 6 through 8 
not substitute for strontium — it is in addition to the stron ( substitutional calcium ) , according to some embodiments of 
tium and is expected to be present in the phosphor crystal in the present invention . There is an appreciable difference in 
interstitial lattice positions . the trends between the additional ( assumed interstitial ) cal 

Samples 9 through 12 are based on the composition of cium and the substitutional calcium , suggesting the location 
Sample 1 , but with ( 1 ) some aluminum substituted for 10 of the calcium within the crystal lattice may be significant . 
silicon , and ( 2 ) with increasing amounts of calcium added as Reliability Testing 
modifier cations , where the calcium is BOTH playing the Within many territories including the United States , regu 
role of charge compensation for the substitution of alumi - latory bodies set performance criteria for replacement LED 
num for silicon , and is present in amounts beyond what is lamps . For example the US Environmental Protection 
needed for charge compensation and may result in improved 15 Agency ( EPA ) in conjunction with the US Department of 
phosphor stability under conditions of heat and humidity . Energy ( DOE ) promulgates performance specifications 
These samples have a composition represented by the for under which a lamp may be designated as an “ ENERGY 
mula Ca Sr1 . 95514 . 9 Alo . N Euo . 05 . STAR® ” compliant product , e . g . identifying the power 

Samples 13 through 15 are similar to Samples 9 through usage requirements , minimum light output requirements , 
12 , except for the amount of aluminum being slightly greater 20 luminous intensity distribution requirements , luminous effi 
in Samples 13 through 15 . These samples have a composi cacy requirements , life expectancy , etc . The ENERGY 
tion represented by the formula STAR® “ Program Requirements for Integral LED Lamps ” 
Ca Sr1 . 95S14 . 88A10 . 12N , Eu . os . Furthermore , Sample 13 has requires that for all LED lamps " the change of chromaticity 
only enough additional calcium to charge compensate the over the minimum lumen maintenance test period ( 6000 
substitution of aluminum for silicon , whereas Samples 14 & 25 hours ) shall be within 0 . 007 on the CIE 1976 ( u ' , v ' ) dia 
15 have amounts of calcium beyond what is needed for gram ” and depending on lamp type , the lamp must have 
charge compensation . “ 70 % lumen maintenance ( L70 ) at 15 , 000 or 25 , 000 hours 

According to some embodiments , the phosphors , under of operation ” . The ENERGY STAR® requirements are for 
blue excitation , may be configured to emit light having a the lamp performance and include all components of the 
peak emission wavelength greater than about 620 nm , in 30 lamp such as the LEDs , phosphor , electronic driver circuitry , 
embodiments greater than 623 nm , and in further embodi - optics and mechanical components . In principal , the degra 
ments greater than about 626 nm , where blue may be defined dation in brightness of a white LED with aging can be due 
as light having a wavelength ranging from about 420 nm to not only to the phosphor , but also to the blue LED chip . 
about 470 nm . The present phosphors may also be excited by Additional sources of degradation can come from the pack 
radiation having shorter wavelengths ; e . g . , from about 200 35 aging materials ( such as the substrate ) , the bond wires and 
nm to about 420 nm , but when the excitation radiation is in other components encapsulated with silicone . In contrast , 
the X - ray or UV , a separate blue - emitting phosphor is the factors affecting the change in color coordination are 
provided to contribute a blue component to the desired white dominated primarily by phosphor degradation . In terms of 
light for a white light source . Furthermore , the present phosphor performance it is believed that in order to comply 
phosphors may also be excited by radiation having longer 40 with ENERGY STAR® requirements would require a 
wavelengths , wherein the wavelength ranges from about 200 change in chromaticity ( CIE AX , CIE Ay ) of s0 . 01 for each 
nm to about 550 nm . A common blue excitation source is an coordinate over 1000 hours for the phosphor under accel 
InGaN LED , or GaN LED , emitting with a peak at about 460 erated testing at 85° C . and 85 % relative humidity . The 
nm . According to some embodiments , a solid state excitation accelerated testing is done on phosphor coated 3000K white 
source is provided , having an emission wavelength within a 45 LEDs prepared as follows : phosphor particles are combined 
range from 200 nm to 480 nm , and a red - emitting phosphor with a binder , such as epoxy or silicone , and then applied to 
is configured to absorb excitation radiation from that exci the LED chip . The coated LED is placed in an oven at the 
tation source and to emit light having a peak emission specified temperature and humidity and operated continu 
wavelength in the range from 620 nm to 650 nm . According ously for the testing period . 
to other embodiments , a red - emitting phosphor is configured 50 FIGS . 7A - 7C , 8A - 8C , 9A - 9C and 10A - 10C show the 
to absorb excitation radiation from that excitation source and results of reliability testing under the conditions of 85° C . 
to emit light having a peak emission wavelength in the range and 85 % relative humidity of phosphor Samples 2 through 
of 624 nm to 632 nm . 4 , Samples 1 , 3 and 7 , Samples 1 , 3 and 10 and Samples 13 

FIGS . 5A - 5D show trends based on the phosphor calcium through 15 , respectively . The figures show the change in 
content of the peak emission wavelength , peak photolumi - 55 photoluminescent intensity ( brightness ) with time , the 
nescence intensity ( PL ) and CIE x and y chromaticity change in CIE x chromaticity coordinate with time , and the 
coordinates , for red - emitting nitride - based calcium - stabi - change in CIE y chromaticity coordinate with time . The 
lized phosphors Samples 2 through 5 ( no aluminum ) and 9 Sr Si Ng : Eu control sample ( Sample 1 ) showed results that 
through 12 ( aluminum containing ) , according to some would typically be unacceptable to the industry — all other 
embodiments of the present invention . All of these phos - 60 Samples showed different levels of improvement over the 
phors have excess calcium , beyond what is required for control , the best performance being shown by Samples 10 & 
charge balance in the case of the aluminum - containing 15 which will most likely satisfy the typical industry heat 
samples ; and all of these phosphors are assumed to have the and humidity stability requirement . 
calcium present in the crystal structure at interstitial sites . In more detail , FIGS . 7A - 7C show an improvement in 
The trends for the no aluminum and the aluminum - contain - 65 reliability with increase in additional calcium content of the 
ing samples are very similar , suggesting that the trends may no aluminum - content phosphors . FIGS . 8A - 8C compare the 
be dominated by the interstitial calcium content . control with a substitutional calcium phosphor and an addi 
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tional calcium phosphor - all phosphors without aluminum according to the compositions listed in Table 1A . This 
and where the two calcium - containing phosphors differ in mixture of raw materials were then loaded into a plastic 
composition only in that Sample 3 has more strontium than milling bottle together with milling beads , sealed in a glove 
Sample 7 , since in Sample 7 the calcium has substituted for box , followed by a ball milling process for about 2 hours . 
strontium ; the best reliability is seen for the phosphor with 5 The mixed powders were then loaded into a molybdenum 
additional calcium . FIGS . 9A - 9C compare the control with crucible having an inner diameter of 30 mm and a height of 
an additional calcium phosphor without aluminum and an 30 mm ; the loaded crucible was covered with a molybdenum 
additional calcium phosphor with aluminum — the two cal lid and placed into a gas sintering furnace equipped with a cium - containing phosphors differ in composition only in that graphite heater . Sample 10 contains aluminum and Sample 3 does not ; the 105 After loading the crucible , the furnace was evacuated to best reliability is seen for the phosphor containing alumi 10 - 2 Pa , and the sample heated to 150° C . under these num . FIGS . 10A - 10C show an improvement in reliability for vacuum conditions . At the 150° C . temperature , a high purity the additional calcium phosphors with increase in calcium N , gas was introduced into the chamber , the temperature of content . In summary , the most significant improvement in the furnace was then increased to about 1700° C . at a stability over the control ( Sample 1 ) , as defined by main - 15 Su substantially constant heating rate of 4° C . / min . The samples taining intensity and chromaticity , is realized by Ca inter were maintained at 1700° C . for about 7 hours . stitial charge balancing and Al substituting for Si , plus After firing , the power was shut off and the samples excess interstitial Ca ( beyond what is required for charge allowed to cool in the furnace . The as - sintered phosphor was 
balance of the Al ) ; the best stability results are seen for the ground slightly , ball milled to a certain particle size , fol higher Ca / Al ratio materials , as exemplified by Samples 10 20 lowed by a wash , dry and sieve procedure . The final product & 15 ( see Tables 3B & 4B ) . It should be noted that Samples was tested using an Ocean Optics USB4000 spectrometer 10 & 15 are uncoated phosphors , and yet shows excellent for photoluminescence intensity ( PL ) and chromaticity ( CIE stability - stability data is shown for up to 800 hours for coordinates x and y ) . The X - ray diffraction ( XRD ) patterns Sample 15 and it is expected that after 1000 hours Sample of the phosphors were measured using the K , line of a Cu 
15 will meet the accelerated testing criteria used to establish 25 23 target . The test results are listed in Table 1B . ENERGY STAR® compliance . Even though Samples 10 & A flux , such as ammonium chloride , may also be used in 15 show excellent stability without coating , Samples 10 & the fabrication of the phosphors of the present invention . 15 can be coated to provide expected further stability FIG . 1 is the emission spectra of the phosphors from improvement . Similarly , other Samples can be coated to Samples 1 through 5 . Powder X - ray diffraction measure improve stability . 30 ments using the K , line of a Cu target are shown in FIG . 11 To provide a potential further improvement in perfor for the phosphors of Samples 1 through 5 . mance the particles of the phosphor with the composition of 
the Samples of the present invention can be coated with one TABLE 1A or more coatings of , for example , SiO2 , AhO3 and / or TiO2 , 
as taught in commonly - owned U . S . Pat . No . 9 , 006 , 966 for 35 Composition of starting raw materials for Samples 1 through 5 
COATINGS FOR PHOTOLUMINESCENT MATERIALS 
and U . S . Pat . App . Pub . No . 2013 / 0092964 for HIGHLY Compound EuClz Sr3N CazNz SizN4 AIN 
RELIABLE PHOTOLUMINESCENT MATERIALS HAV Sample 1 5 . 166 75 . 62 93 . 52 
ING A THICK AND UNIFORM TITANIUM DIOXIDE Sample 2 2 . 583 37 . 81 0 . 988 46 . 76 
COATING , the content of each of which is incorporated in 40 Sample 3 2 . 583 37 . 81 1 . 976 46 . 76 

Sample 4 2 . 583 37 . 81 2 . 964 46 . 76 its entirety herein by way of reference thereto . Sample 5 2 . 583 37 . 81 3 . 952 46 . 76 0 
XRD of the Present Phosphor Compositions 
FIGS . 11 - 14 show XRD patterns of red - emitting nitride 

based phosphors of the present invention ; the XRD pattern 
for sample 1 is shown for comparison . 45 TABLE 1B 
Morphology of Phosphor Particles of the Present Phos Emission Peak wavelength , Intensity and CIE of Samples 1 phor Compositions through 5 with Composition Ca , Sr , o Si N Eup os . 
FIGS . 15 - 17 show secondary electron micrographs of as 

prepared red - emitting nitride - based calcium - stabilized Test Results 

phosphors Sample 3 ( FIG . 16 ) ( additional calcium ) and 50 Emission Sample 7 ( FIG . 17 ) ( substitutional calcium ) , according to Ca Peak 
some embodiments of the present invention , and prior art Content , Al Wavelength Intensity CIE CIE 
red - emitting nitride - based 2 - 5 - 8 phosphor Sample 1 ( FIG . Sample X Content ( nm ) ( a . u . ) ( x ) ( y ) 
15 ) is shown for comparison . All of FIGS . 15 - 17 show some O 622 . 77 1 . 56 0 . 6423 0 . 3573 particles with a higher aspect ratio ( length to width ) — in 55 0 . 1 624 . 10 1 . 62 0 . 6449 0 . 3547 
excess of 3 . Furthermore , a comparison of FIGS . 15 - 17 0 . 2 626 . 29 1 . 61 0 . 6584 0 . 3511 
suggests that the percentage of high aspect ratio particles is 628 . 64 1 . 60 0 . 6493 0 . 3502 

0 . 4 630 . 16 1 . 56 0 . 6517 0 . 3477 greater for the control ( FIG . 15 ) than for the samples of the 
phosphors of the present invention . 

Synthesis of the Present Phosphors 60 Samples 6 Through 8 
For each of the examples and comparative examples To obtain the desired compositions of the phosphors of 

described herein , the starting materials included at least one Samples 6 through 8 , solid powders were weighed according 
of the compounds SizN4 , AIN , CazN2 , Sr3N2 , BN , Gan , to the compositions listed in Table 2A . The same synthesis 
SiO2 , Al2O3 , and EuClz . procedure as that used for Samples 1 through 5 was used . 

Samples 1 Through 5 65 The test results are listed in Table 2B . 
To obtain desired compositions of the phosphors exem - The emission spectra of phosphor Samples 6 through 8 

plified in Samples 1 through 5 , solid powders were weighed are shown in FIG . 2 . X - ray diffraction measurements using 

OOO OO 

PL 

nmin 0 . 3 
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14 
the Ka line of a Cu target were obtained , and the XRD synthesis procedure as that used for Samples 1 through 5 
patterns of Samples 6 through 8 are shown in FIG . 12 . was used . The test results are listed in Table 4B . 

FIG . 4 is the emission spectra of the phosphors from 
TABLE 2A Samples 13 through 15 . X - ray diffraction measurements 

5 using the K , line of a Cu target were obtained , and the XRD Composition of starting raw materialsfor Samples 6 through 8 patterns of Samples 13 - 15 are shown in FIG . 14 . 
Compound EuClz Sr3N2 CagN , SizN4 AIN 

TABLE 4A Sample 6 2 . 583 35 . 87 0 . 988 46 . 76 
Sample 7 2 . 583 33 . 93 1 . 976 46 . 76 Composition of starting raw materials for Samples 13 through 15 Sample 8 2 . 583 31 . 99 2 . 964 46 . 76 0 

Compound Euclz SrzN , CazN , SizN4 AIN 
10 

TABLE 2B 
Sample 13 
Sample 14 
Sample 15 

5 . 166 
5 . 166 
5 . 166 

75 . 622 
75 . 622 
75 . 622 

1 . 186 
1 . 976 
3 . 592 

91 . 28 
91 . 28 
91 . 28 

1 . 968 
1 . 968 
1 . 968 15 Emission Peak wavelength , Intensity and CIE of Samples 6 

through 8 with Composition Ca , Sr , 95 - , Sis _ „ AL , N , Euo os . 

Test Results TABLE 4B 

20 . 
Ca Al PL 

Emission 
Peak 

Content , Content , Wavelength 
X y ( nm ) 

Emission Peak wavelength , Intensity and CIE of Samples 13 
through 15 with Composition Ca , Sr , ossias & Alo 1N Eup os . 

CIE CIE 
Sample 

Intensity 
( a . u . ) Test Results 

0 . 2 Ca 25 

159 0 . 6459 0 . 3538 0 . 649 V . JJJO 

a 

0 . 1 624 . 54 1 . 66 0 . 6443 0 . 355 Emission 627 . 86 1 . 57 0 . 6476 0 . 352 Peak 0 . 3 0 631 . 08 1 . 51 0 . 6500 0 . 350 Content , Al Wavelength Intensity CIE CIE 
Sample X Content ( nm ) ( a . u . ) ( x ) ( y ) 

Samples 9 Through 12 13 0 . 06 0 . 12 6 25 1 . 66 0 . 6450 0 . 3540 
To obtain the desired compositions of the phosphors of ( charge 

Samples 9 through 12 , solid powders were weighed accord balanced ) 
1d 30 14 0 . 1 0 . 12 626 

ing to the compositions listed in Table 3A . The same ( Ca excess ) synthesis procedure as that used for Samples 1 through 5 15 0 . 2 0 . 12 629 1 . 52 0 . 6478 0 . 3518 
was used . The test results are listed in Table 3B . ( Ca excess ) 

FIG . 3 is the emission spectra of the phosphors from 
Samples 9 through 12 . X - ray diffraction measurements 35 Those of ordinary skill in the art will appreciate that 
using the K? line of a Cu target were obtained , and the XRD compositions beyond those specifically described above 
patterns of Samples 9 - 12 are shown in FIG . 13 . may be made using the methods described above with some 

different choices of elements . For example , phosphor com 
TABLE 3A positions may be made which are represented by the chemi 

- 40 cal formula M Sr , Si Al N Eu , wherein : M is at least one of Composition of starting raw materials for Samples 9 through 12 Mg , Ca , Sr , Ba , Y , Li , Na , K and Zn , and ( < a < 1 . 0 ; 
Compound EuClz Sr3Nz C azNz SizN4 AIN 1 . 5 < b < 2 . 5 ; 4 . 0sc55 . 0 ; Osds1 . 0 ; 7 . 5 < e < 8 . 5 ; and ( < f < 0 . 1 ; 

wherein a + b + f > 2 + d / v and v is the valence of M . Further 
Sample 9 2 . 583 37 . 81 0 . 988 45 . 83 0 . 82 more , phosphor compositions may be made which are Sample 10 2 . 583 37 . 81 1 . 976 45 . 83 0 . 82 
Sample 11 45 represented by the chemical formula M , M " , Sis A1 , No : A , 2 . 583 37 . 81 2 . 964 45 . 83 0 . 82 
Sample 12 2 . 583 37 . 81 3 . 952 45 . 83 0 . 82 wherein : Mis Mg , Ca , Sr , Ba , Y , Li , Na , K and Zn , and x > 0 ; 

M ' is at least one of Mg , Ca , Sr , Ba , and Zn ; ( sys0 . 15 ; and 
A is at least one of Eu , Ce , Tb , Pr , and Mn ; wherein x > y / v 
and v is the valence of M , and wherein the phosphors have 

TABLE 3B 50 the general crystalline structure of M ' SizNg : A . 
Emission Peak wavelength , Intensity and CIE of Samples 9 FIG . 18 illustrates a light emitting device , according to 
through 12 with Composition Ca Sr , ogSi , Al , N , Eup os . some embodiments . The device 10 can comprise a blue light 

emitting , within the range of 450 nm to 470 nm , GaN 
( gallium nitride ) LED chip 12 , for example , housed within 

Emission 55 a package . The package , which can for example comprise a 
Peak low temperature co - fired ceramic ( LTCC ) or high tempera 

Content , Al Wavelength Intensity CIE CIE ture polymer , comprises upper and lower body parts 16 , 18 . 
Sample X Content ( nm ) ( a . u . ) ( x ) ( y ) The upper body part 16 defines a recess 20 , often circular in 

0 . 1 626 . 50 1 . 56 0 . 6442 0 . 3554 shape , which is configured to receive the LED chips 12 . The 
0 . 1 628 . 42 1 . 52 0 . 6470 0 . 3526 60 package further comprises electrical connectors 22 and 24 

11 0 . 3 0 . 1 630 . 75 1 . 46 0 . 6476 0 . 3520 that also define corresponding electrode contact pads 26 and 
0 . 4 632 . 71 1 . 41 0 . 6504 0 . 3492 28 on the floor of the recess 20 . Using adhesive or solder , the 

LED chip 12 can be mounted to a thermally conductive pad 
Samples 13 Through 15 located on the floor of the recess 20 . The LED chip ' s 
To obtain the desired compositions of the phosphors of 65 electrode pads are electrically connected to corresponding 

Samples 13 through 15 , solid powders were weighed electrode contact pads 26 and 28 on the floor of the package 
according to the compositions listed in Table 4A . The same using bond wires 30 and 32 and the recess 20 is completely 

Test Results 

Ca PL 

9 0 . 1 
0 . 2 

12 0 . 1 
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filled with a transparent polymer material 34 , typically a that changes and modifications in the form and details may 
silicone , which is loaded with a mixture of a yellow and / or be made without departing from the spirit and scope of the 
green phosphor and a red phosphor material of the present invention . 
invention such that the exposed surfaces of the LED chip 12 
are covered by the phosphor / polymer material mixture . To 5 . What is claimed is : 
enhance the emission brightness of the device the walls of 1 . A calcium - stabilized red - emitting phosphor comprising 
the recess are inclined and have a light reflective surface . Ca , Sr , Si , Al , N and Eu , wherein said red - emitting phosphor 

FIGS . 19A and 19B illustrate a solid - state light emitting absorbs radiation at a wavelength ranging from about 200 
device , according to some embodiments . The device 100 is nm to about 550 nm and emits light with a photolumines 
configured to generate warm white light with a CCT ( Cor - 10 cence peak emission wavelength greater than 620 . 0 nm , 
related Color Temperature ) of approximately 3000K and a wherein said red - emitting phosphor has the general crystal 
luminous flux of approximately 1000 lumens and can be line structure of Sr , SizNz : Eu with Ca and Al incorporated 
used as a part of a downlight or other lighting fixture . The therein , and wherein said red - emitting phosphor is config 
device 100 comprises a hollow cylindrical body 102 com - ured such that under excitation by a blue LED the reduction 
posed of a circular disc - shaped base 104 , a hollow cylin - 15 in photoluminescent intensity after 800 hours of aging at 
drical wall portion 106 and a detachable annular top 108 . To about 85° C . and about 85 % humidity is no greater than 
aid in the dissipation of heat , the base 104 is preferably about 15 % . 
fabricated from aluminum , an alloy of aluminum or any 2 . The calcium - stabilized red - emitting phosphor of claim 
material with a high thermal conductivity . The base 104 can 1 , further comprising at least one of F , C1 , Br and O . 
be attached to the wall portion 106 by screws or bolts or by 203 . The calcium - stabilized red - emitting phosphor of claim 
other fasteners or by means of an adhesive . 1 , wherein said red - emitting phosphor is 

The device 100 further comprises a plurality ( four in the Euo . osCao . 2Sr1 . 95514 . 9?10 . Ng . 
example illustrated ) of blue light emitting LEDs 112 ( blue 4 . The calcium - stabilized red - emitting phosphor of claim 
LEDs ) that are mounted in thermal communication with a 1 , wherein said red - emitting phosphor has chromaticity 
circular - shaped MCPCB ( metal core printed circuit board ) 25 coordinates CIE ( x ) of 0 . 6470 and CIE ( y ) of 0 . 3526 . 
114 . The blue LEDs 112 can comprise a ceramic packaged 5 . The calcium - stabilized red - emitting phosphor of claim 
array of twelve 0 . 4 W GaN - based ( gallium nitride - based ) 1 , wherein said red - emitting phosphor is 
blue LED chips that are configured as a rectangular array 3 Eu osCa , Sr , ossia Alo N . 
rows by 4 columns . 6 . The calcium - stabilized red - emitting phosphor of claim 

To maximize the emission of light , the device 100 can 30 1 , wherein said red - emitting phosphor has chromaticity 
further comprise light reflective surfaces 116 and 118 that coordinates CIE ( x ) of 0 . 6478 and CIE ( y ) of 0 . 3518 . 
respectively cover the face of the MCPCB 114 and the inner 7 . A calcium - stabilized red - emitting phosphor comprising 
curved surface of the top 108 . The device 100 further Ca , Sr , Si , Al , N and Eu , wherein said red - emitting phosphor 
comprises a photoluminescent wavelength conversion com - absorbs radiation at a wavelength ranging from about 200 
ponent 120 that is operable to absorb a proportion of the blue 35 nm to about 550 nm and emits light with a photolumines 
light generated by the LEDs 112 and convert it to light of a cence peak emission wavelength greater than 620 . 0 nm , 
different wavelength by a process of photoluminescence . wherein said red - emitting phosphor has the general crystal 
The emission product of the device 100 comprises the line structure of Sr , Si No : Eu with Ca and Al incorporated 
combined light generated by the LEDs 112 and the photolu - therein , and wherein said red - emitting phosphor is config 
minescent wavelength conversion component 120 . The 40 ured such that the deviation in chromaticity coordinates CIE 
wavelength conversion component is positioned remotely to Ax and CIE Ay after 800 hours of aging at about 85° C . and 
the LEDs 112 and is spatially separated from the LEDs . In about 85 % relative humidity is less than or equal to about 
this patent specification “ remotely ” and “ remote ” means in 0 . 015 for each coordinate . 
a spaced or separated relationship . The wavelength conver - 8 . The calcium - stabilized red - emitting phosphor of claim 
sion component 120 is configured to completely cover the 45 7 , wherein the deviation in chromaticity coordinates CIE AX 
housing opening such that all light emitted by the lamp and CIE Ay is less than or equal to about 0 . 005 for each 
passes through the component 120 . As shown the wave coordinate . 
length conversion component 120 can be detachably 9 . The calcium - stabilized red - emitting phosphor of claim 
mounted to the top of the wall portion 106 using the top 108 7 , further comprising at least one of F , C1 , Br and O . 
enabling the component and emission color of the lamp to be 50 10 . The calcium - stabilized red - emitting phosphor of 
readily changed . claim 7 , wherein said red - emitting phosphor is 

FIG . 20 shows the emission spectrum from a white light EucosCao Sr 95Si4 9A1 Ng . 
emitting device , such as described above with reference to 11 . The calcium - stabilized red - emitting phosphor of claim 
FIGS . 18 , 19A & 19B , comprising a blue - emitting InGaN 7 , wherein said red - emitting phosphor has chromaticity 
LED , a red phosphor having the composition of Sample 14 , 55 coordinates CIE ( x ) of 0 . 6470 and CIE ( y ) of 0 . 3526 . 
and one or more yellow / green phosphors with peak emission 12 . The calcium - stabilized red - emitting phosphor of 
within the range of 500 mn to 580 mn , such as a phosphor claim 7 , wherein said red - emitting phosphor is 
described in commonly - owned U . S . Pat . No . 8 , 529 , 791 and Euo . osCao . 2Sr1 . 95S14 . 88A10 . 12N , 
U . S . Pat . No . 8 , 475 , 683 , both incorporated by reference 13 . The calcium - stabilized red - emitting phosphor of 
herein in their entirety . In further embodiments , the yellow / 60 claim 7 , wherein said red - emitting phosphor has chromatic 
green phosphor may be a silicate . Yet furthermore , the white ity coordinates CIE ( x ) of 0 . 6478 and CIE ( y ) of 0 . 3518 . 
LED may further comprise another phosphor as may be 14 . A white light emitting device comprising : 
needed to achieve a desired emission spectrum , for example a solid state excitation source with emission wavelength 
an orange aluminate . within a range from 200 nm to 480 nm ; 

Although the present invention has been particularly 65 a calcium - stabilized red - emitting phosphor according to 
described with reference to certain embodiments thereof , it claim 1 , said red - emitting phosphor being configured to 
should be readily apparent to those of ordinary skill in the art absorb excitation radiation from said excitation source 
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and to emit light having a peak emission wavelength in 
the range from 620 nm to about 650 nm ; and 

a yellow / green - emitting phosphor having a peak emission 
wavelength in the range from about 500 nm to about 
580 nm . 

15 . The white light emitting device of claim 14 , wherein 
said calcium - stabilized red - emitting phosphor is configured 
to absorb excitation radiation from said excitation source 
and to emit light having a peak emission wavelength in the 
range from about 624 nm to about 632 nm . 10 


